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Alterations in the lower urinary tract
in neurogenic bladder dysfunction

Neuropathic bladder dysfunction is associated with high pressures during both
storage and voiding as a consequence of various mechanisms. This may affect

muscle directly, due to increased workload. It may cause an attrition of innerva-
tion or trophic factors locally, including loss of individual nerve fibres and loss
of diversity of transmitters. Consequently, various alterations in detrusor struc-
ture and function and local innervation have been reported. Changes may be
compounded by additional factors, such as bladder management methods and
recurrent infections. Overall, various stressors of rather differing character can
yield a similar overall pattern of abnormal features in the lower urinary tract.

Physiological stresses on the
neuropathic lower urinary tract

The normal bladder represents a low

pressure reservoir for storage of urine.
The bladder contracts at the time of
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voiding, but overall pressures during
voiding are modest and not sustained
for a long duration. In contrast, seve-
ral changes can increase the pressure
during storage and voiding in neuroge-
nic lower urinary tract (LUT) dysfunc-
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tion, and the exposure to the increased
pressures can be protracted. For upper
motor neuron lesions, detrusor overac-
tivity is a common feature of neuropa-
thic bladder dysfunction, giving rise
to bladder contractions which may be
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high amplitude and sustained. For lo-
wer motor neuron lesions, particularly
those affecting the sacral part of the
spinal cord, bladder compliance can
be affected, as a consequence of which
ongoing filling leads to continuously ri-
sing pressure. The classic feature affec-
ting pressures during voiding is detru-
sor sphincter dyssynergia, where com-
munication between the pontine mic-
turition centre and the sacral centres
controlling the LUT is impaired, lea-
ding to disco-ordination of their reci-
procal activities. Urodynamically, this
gives features of interruptions to uri-
nary flow, with each interruption being
associated with high detrusor pres-
sures. Other patterns of sphincter dys-
function, such as fixed non-relaxing
sphincter dysfunction, can likewise lead
to increased pressure during voiding.
High pressures during voiding and
storage can affect muscle directly, due
to the increased workload and altered
physical environment. The increased
pressure may also impair vascular per-
fusion. Within the bladder, the innerva-
tion is highly sensitive to ischemia and
high pressure can be anticipated to im-
pair blood supplies. Thus, people with
acquired neurological disease are at risk
of a range of potential changes affecting
storage and voiding pressures with po-
tentially profound effect on structure
and function. People with congenital
and perinatal neurological disease may
well not develop normal structure and
function in the first place.

Influences on lower urinary tract
structure and function

The pathophysiological effects of neu-
rological disease on bladder structure
and function are complex with an in-
terplay of direct and indirect influ-
ences, further compounded by other
patient factors (see table 1).

Samples of detrusor muscle taken
from neuropathic bladder behave very
differently from control specimens,
with an increased level of spontaneous
activity, including fused tetanic con-
traction, the latter being a rare feature
in normal detrusor muscle from hu-
mans.! Increased spontaneous activity
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voiding contraction.

e High pressure during storage and voiding can directly alter muscle properties, or
indirectly influence organ function by attrition of innervation and other cellular

e Secondary influences, such as preceding bladder management, urinary tract infec-
tions, and co-morbid conditions, may have additional consequential effects.

e The wide range of pathophysiological processes tends to result in similar appea-
rances of failure of adaptive relaxation (during the storage phase) and impaired

might reflect an up-regulation of sur-
face muscarinic receptors on detrusor
cells, reflected in denervation super-
sensitivity.? In addition, there appears
to be increased intercellular muscle-
to-muscle communication.® This may
well allow propagation of excitation,
which could give rise to the fused te-
tanic contractions. Changes in mu-
scle cells might also reflect changes
in the overall environment, including
cytokines. A range of alterations and
cytokines can be anticipated, and up
regulation of bradykinin is a notable
example.*

Ischaemia during obstructed voiding
is well-described in animal models.’
Furthermore ischemia can be seen
in human specimens using near in-
frared spectroscopy.® As a very ac-
tive structure metabolically, innerva-
tion could be at particular risk from
ischaemia. Denervation is a well-re-
cognised feature of neurological di-
sease, with global denervation being
a specific finding in areflexic spinal
cord injury specimens and patchy de-
nervation being a more representa-
tive pattern in hyperreflexic spinal
cord injury samples from humans.! It
is specifically the terminals nerve en-

1. Primary effects of neurological disease;
direct denervation, loss of inhibition,
altered trophic factors

2. Indirect consequences of neurological
disease; urinary tract infections, bladder
management method, increased storage
pressure, increased voiding pressure

3. Additional patient factors; comorbid
diseases, benign prostate obstruction in
men, child birth in women

Table 1: Pathophysiological influences

dings that are affected, within the de-
trusor fascicles and in the subepithe-
lial (presumptive afferent) plexus.” A
general reduction in transmitters co-
localised within the nerve fibres is evi-
dent, affecting neuropeptide Y® and a
whole host of transmitters.! The na-
ture of neuromuscular transmission,’
with normally modest levels of non-
cholinergic transmission in humans,
may change to an increased contribu-
tion of atropine-resistant transmis-
sion (perhaps mediated by purinergic
signalling)-though it is hard to ascer-
tain with current levels of knowledge
how this relates to the overall loss of
nerve fibres and transmitters.

Structurally, there can be a profound
infiltration of connective tissue in
neuropathic specimens. In extremes
cases, detrusor muscle can be almost
completely lost (figure 1). This might
reflect alterations in the levels of the
specific connective tissue growth fac-
tors responsible for morphometric
and molecular remodelling of the
bladder.'® Preceding bladder manage-
ment can easily be anticipated to al-
ter structure and function.!' Cru-
cial factors will be the pressures ge-
nerated during storage and voiding,
the presence of foreign body in the
bladder, and the tendency to recur-
rent infections. These clearly vary
with the different management me-
thods and chronic indwelling uri-
nary catheterisation is regarded by
many as substantially predisposing
to structural changes in the bladder
wall which may well be irreversible. A
very wide range of factors influences
the predisposition to urinary tract in-
fection in neurogenic bladder.!? Such
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infection represents a further high risk
factor in regards to structural blad-
der changes.

Multiple influences,
common outcome

In general terms, the structural changes
in neurogenic bladder dysfunction lead
to a loss of adaptive relaxation du-
ring the storage phase, and impaired
active contraction of the bladder du-
ring the voiding phase. Numerous in-
fluences can give rise to these features,
which could broadly be categorised as
descending, neurogenic, myogenic and
viscoelastic. The descending influences
are particularly crucial, since inhibi-
tory influences on the parasympathe-
tic supply to the bladder exert an ac-

tive suppression of detrusor contrac-
tility during storage, and are reversed
in the voiding phase to give rise to the
detrusor contraction for expulsion.
Loss of local innervation will clearly
alter the muscle behaviour, though
in reality the diversity of transmitters
seen in normal bladder is not fully ex-
plained and specific roles for the range
of transmitters cannot be ascribed on
current evidence. Myogenic altera-
tions, reflecting bladder outlet obs-
truction or denervation, are directly
relevant. The influence on interstitial
cells may reflect some of the stresses
imposed on the nerve supply and mu-
scle, and can be readily anticipated to
influence overall bladder function. The
trophic influences resulting from alte-
red innervation, epithelium, infection
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Fig. 1: Normal detrusor muscle (left) compared with the extensive connective tissue infiltration in a person with
spinal cord injury (Masson trichrome stain; detrusor pink, connective tissue blue)
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Fig. 2: Diagramatic representation of the convergence of pathophysiological stresses giving rise to common fea-
tures of storage and voiding dysfunction in the neuropathic lower urinary tract
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and foreign bodies will impair the abi-
lity of active muscle relaxation during
storage and forced generation during
voiding. The convergent nature of the
end point of these disparate mecha-
nisms is illustrated in figure 2. [
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